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Abstract
This article is based on the Planckon densely piled vacuum model and the principle of cosmology.
With the Planck era as initial conditions and including the early inflation, we have solved the
Einstein-Friedmann equations to describe the evolution of the universe. The results are: 1) the
ratio of the dark energy density to the vacuum quantum fluctuation energy density is ρdeρvac ∼
( tPT0 )
2 ∼ 10−122; 2) at the inflation time tinf = 10−35s, the calculated universe radiation energy
density is ρ(tinf) ∼ 10−16ρvac and the corresponding temperature is Ec ∼ 1015GeV consistent with
the GUT phase transition temperature; 3) the expanding universe with vacuum as its environment
is a non-equilibrium open system constantly exchanging energy with vacuum; during its expansion,
the Planckons in the universe lose quantum fluctuation energy and create the cosmic expansion
quanta-cosmons, the energy of cosmons is the lost part of the vacuum quantum fluctuation energy
and contributes to the universe energy with the calculated value Ecosmos = 10
22M⊗c
2 (where
M⊗ is solar mass ); 4) the total energy of the universe, namely the negative gravity energy plus
the positive universe energy is zero; 5) the negative gravity potential and the gravity acceleration
related to the creation of cosmons are derived with the nature of outward repulsive force, indicating
that the cosmon may be the candidate of the dark energy quantum; 6) both the initial Planck era
solution and the infinite asymptotic solution of the Einstein-Friedman equations are unstable: the
former tends to expand and the latter tends to shrink, so that the Einstein-Friedman universe will
undergo a cyclic evolution of successive expansion and shrinking.
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I. INTRODUCTION
The accelerating expansion of the universe and the dark energy are established basic facts
in the exact modern cosmology [1, 2]. The existence of vacuum quantum fluctuation energy
is also an established basic fact in the modern accurate quantum field theory. Combining the
two kinds of basic facts and explaining dark energy as vacuum quantum fluctuation energy
is a big step to reach the great goal of unifying quantum theory, relativity, and cosmology
[3–8]. However, this effort has met serious challenge: the ratio of the dark energy density ρde
to the vacuum quantum fluctuation energy density ρvac shows a huge hierarchy difference of
122 order of magnitude [9]: ρde
ρvac
∼ 10−122.
This article is based on the Planckon densely piled vacuum model [10] and the principle
of cosmology. With the Planck era as initial conditions and including the early inflation, we
have solved the Einstein-Friedmann equations to describe the evolution of the universe, a
simple and reasonable relation between the dark energy density ρde and the vacuum quantum
fluctuation energy density ρvac is obtained. The main results are : 1) the solution of Einstein-
Friedmann equations has yielded the result ρde
ρvac
∼ ( tP
T0
)
2 ∼ 10−122 (the Planck time tP =
10−43s and the universe age T0 = 10
18s); 2) at the inflation time tinf = 10
−35s, the calculated
universe radiation energy density is ρ(tinf) ∼ 10−16ρvac and the corresponding temperature
is Ec ∼ 1015GeV consistent with the GUT phase transition temperature; 3) it is shown that
the expanding universe with vacuum as its environment is a non-equilibrium open system
constantly exchanging energy with vacuum; during its expanding, the Planckons in the
universe lose quantum fluctuation energy and create the cosmic expansion quanta-cosmons,
the energy of the cosmons-the lost part of vacuum quantum fluctuation energy contributes
to the universe energy with the calculated value Ecosmos = 10
22M⊗c
2 ( where M⊗ is solar
mass ) consistent with the astronomic data; 4) since all Planckons in the vacuum of the
expanding universe lose quantum fluctuation energy resulting in negative gravity potential
energy and the lost energy of Planckons is used to create cosmons which in turn convert
into different kinds of the unverse energy, as the gravity energy is included, the total energy
of the universe, namely the negative gravity energy plus the positive universe energy is
zero; 5) the negative gravity potential and the gravity acceleration related to the cosmon
creation and the simultaneous hole excitation are derived and show the nature of radially
outward repulsive force, indicating that the cosmon may be the candidate of the dark energy
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quantum; 6) it is shown that both the initial boundary solution (the Planck era solution
or the Planckon solution) and the infinite asymptotic solution of the Einstein-Friedman
equations are unstable: the former tends to expand and the latter tends to shrink, so
that the Einstein-Friedman universe undergoes a cyclic evolution of successive expansion
and shrinking; 7) solutions to three well known cosmic problems of the Big Bang model is
discussed.
The paper is organized as follows. The basic assumptions and equations are presented
in sect.II. Based on the assumptions and equations, the time evolution of the universe are
studied in detail and analytical expressions for the universe energy density and the universe
radius as functions of time, as well as the energy density-radius relation are obtained in
sect.III. In sect.IV, based on the obtained solutions, the universe mass and the background
microwave temperature are calculated and compared with the astronomic data. In sect.V,
based on the Planckon densely piled vacuum model, two kinds of vacuum excitations, namely
the radiation excitation due to the Casimir cutoff effect of the supposed universe back hole
horizon and the expansion cosmon excitation due to the universe expansion are studied
and their gravity effects are compared. An intuitive physical explanation of the obtained
results as holographic radiation phenomena is given in sect.VI. Sect.VII is for a summary
and discussions of the results, and comparisons of the paper with other theories and models
are presented in the final section.
II. BASIC ASSUMPTIONS AND EQUATIONS
The basic assumptions of this article are: (1) the vacuum containing and surrounding the
universe as a ubiquitous environment is consisted of densely piled Planckons [10]; (2) the
universe was born in the Planckon piled vacuum at an explosion of a Planckon in the vacuum,
the energy density, radius, and time of the Planckon are thus its initial conditions(the so-
called Planck era condition); (3) the universe obeys the cosmological principle; (4) the
evolution of the universe is conducted by the Einstein-Friedmann equations with a flat
curvature k = 0 ( which can be taken off ) and the energy content includes radiation, cold
mater, dark mater, as well as dark energy; (5) the inflation occurs at the early time τinf .
The assumptions (1) and (2) are from a study of the microscopic quantum structure of
vacuum, black holes, and gravitation systems [10]. The assumptions (3) and (4) are based
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on the commonly accepted physical and cosmological principles [3, 7, 8]. Since the Einstein-
Friedmann equations are of the nature of classical gravitation, the quantum nature of the
universe evolution should be incorporated by initial and inflation conditions, namely the
assumptions (2) and (5).
First let us introduce the Planckon to describe the Planck era. As the smallest brick of
vacuum, the Planckon is a quantum radiation standing wave in the sphere with the radius
rP , volume vP , period τP , mass mP , and energy εP as follows [10]:
rP = (~G/c
3)
1/2 ≈ cτP , vP = 4pi
3
rP
3, τP = (~G/c
5)
1/2
(1)
mP =
1
2
(~c/G)1/2 =
~
2crP
, εP = mP c
2 =
~c
2rP
, (2)
where τP ∼ 10−43s, rP = cτP ∼ 10−33cm, εP ∼ 1019GeV, mP ∼ 10−5g, and the gravity
constant G = 6.67× 10−8erg · cm/g2.
Based on the Planckon densely piled vacuum model [10], the vacuum zero energy density
is just the Planckon zero energy density (the Planckon energy εP also corresponds to the
cutoff of vacuum quantum fluctuation energy):
ρvac = ρP = εP/vP = mP c
2/(
4pi
3
rP
3) =
3c4
8piG
1
rP 2
=
K
(ctP )
2 (3)
K =
3c4
8piG
, tP =
√
3c2
8piGρvac
. (4)
According to the above assumptions, the time evolution of the isotropic and homogeneous
universe obeys the Einstein-Friedmann equations [3]:
The expanding equation:
(
R˙
R
)
2
=
8piG
3c2
ρ = Λ = λ2,Λ =
8piGρ
3c2
, λ =
√
8piGρ
3c2
(5)
The accelerating equation:
R¨
R
= −4piG
3c2
(ρ+ 3p) (6)
According to the exact moden cosmology, the universe energy density contains the compo-
nents of radiation ρr, cold matter ρm, dark matter ρdm, and dark energy ρde. The equation
of state is as follows:
pi = wiρi, ρ =
∑
i
ρi, p =
∑
i
pi =
∑
i
wiρi =
∑
i
wixiρ = wρ (7)
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w(t) =
∑
i
wixi(t), xi(t) = ρi(t)/ρ(t),
∑
i
xi(t) = 1, i = r,m, dm, de (8)
wm = wdm = 0, wr = 1/3, wde = −1, − 1 ≤ w(t) ≤ 1/3 (9)
In the following section, we shall obtain the solutions to the Einstein-Friedmann equa-
tions, which show that during the evolution of the universe, the energy density components
of ρi(t), xi(t), and the coefficient wi(t) of the equations of state vary in their own intervals
and make the total energy density ρ(t) vary in time continuously. Instead, the radial scale
factor R(t) of the universe will have the phase change from power law functions to expo-
nential function or the inverse. The Einstein-Friedmann equations can describe both the
inflation (exponential) phase and power law phases for the radial scale factor function R(t).
III. EVOLUTION OF THE UNIVERSE
A. Evolution of the universe energy density ρ(t)
Eq.(5) and (6) lead to
dρ√
ρ(ρ+ p)
= −
√
24piG
c2
dt (10)
By using the equation of state p(t) = w(t)ρ(t), one has
dρ
ρ3/2
= −
√
24piG
c2
[1 + w(t)]dt, d
1
ρ1/2
=
√
6piG
c2
[1 + w(t)]dt (11)
The solution to (11) is
1
ρ1/2(t− t0) =
1
ρ1/2(t0)
{1 +
√
6piGρ(t0)
c2
t∫
t0
[1 + w(τ)]dτ} (12)
or
ρ(t− t0) = ρ(t0)/{1 + 3/2
√
8piGρ(t0)
3c2
[(t− t0) +
t∫
t0
w(τ)dτ ]}2 (13)
In viewing the interval [−1, 1
3
] of w(t) and the (t− t0)-term in eq. (13), ρ(t− t0) in general,
is not so sensitive to w(t) (only when w(t)→ −1, ρ(t− t0) changes from inverse quadrature
function to constant). In contrast, R(t − t0) is very sensitive to w(t) and can change from
power functions to exponential function. This behaviour leads to the problem of consistence
between ρ(t) and R(t) as any approximation is made. The evolution detail of different energy
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density components ρi(t) controlling the evolution of w(t), is very important to produce a
physically reasonable and realistic evolution for both ρ(t) and R(t), and to establish the
consistence between ρ(t) and R(t). Since the evolution of ρi(t) is related to the interactions
of elementary particles under astronomic and cosmic conditions, the knowledge of particle
physics is needed for a detailed description.
If the initial conditions are the Planck era, namely t0 = tP =
√
3c2
8piGρvac
and ρ(tP ) = ρvac,
the solution is
ρ(t− tP ) = ρvac/{1 + (3/2) 1
tP
[(t− tP ) +
t∫
tP
w(τ)dτ ]}2
= ρvac/[1 + (3/2)
(t− tP )
tP
(1 + wmid(t))]
2 (14)
wmid(t) is the integration mid value of w(t) from tP to t:
t∫
tP
w(τ)dτ = wmid(t)(t− tP ).
For the dark energy:
wde(t) = −1, ρde(t− tP ) = ρvac; (15)
For the radiation:
wr(t) =
1
3
, ρr(t− tP ) = ρvac/[1 + 2(t− tP )/tP ]2; (16)
For the cold matter:
wm(t) = 0, ρm(t− tP ) = ρvac/[1 + 3
2
(t− tP )/tP ]
2
; (17)
For the global average evolution from tP to present time T0 (for its definition, see below):
wmid(t) = −1/3, ρ(t− tP ) = ρvac/[1 + (t− tP )/tP ]2. (18)
According to the modern cosmology, the creation and evolution of the universe contain
three stages. Let us consider the detail of the evolution in the corresponding three steps so
that the inflation can be incorporated in the early time.
1) From Planck era (tP , rP , ρP = ρvac) to inflation starting moment[τinf , R(τinf), ρ(τinf)], the
evolution is of radiation type: w(t) = 1/3;
2) From[τinf , R(τinf), ρ(τinf)] to [tinf , R(tinf), ρ(tinf) = ρ(τinf)], the evolution is of inflation:
w(t) = −1;
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3) From [tinf , R(tinf), ρ(tinf)] to the present universe [T0, R0, ρ(T0)], the evolution is of a
type of the mixture of radiation, matter, and dark energy.
The specific evolutions of three steps are in the following:
(1) From tP = 10
−43s to inflation starting moment t = τinf ∼ 10−35s(wmid = 1/3). The
solution is
ρ(τinf − tP ) = ρvac/{1 + 3
2tP
[(τinf − tP ) +
τinf∫
tP
w(τ)dτ ]}
2
≈ 4
9
ρvac[
tP
(τinf − tP )(1 + wmid) ]
2
=
1
4
ρvac(
tP
τinf − tP )
2
(19)
The energy density before inflation at τinf is
ρ(τinf − tP )
ρvac
=
1
4
[
tP
(τinf − tP ) ]
2
≈ 10−16 (20)
The radiation energy density ρ(τinf − tP ), the radiation quantum energy Ec and its wave
length λc before inflation, and the Planckon energy εP and its wave length λP have the
relation:
ρ(τinf)/ρvac = (
λP
λc
)
4
= (
rP
rc
)
4
= (
Ec
εP
)
4
(21)
where λc ∼ rc and λP ∼ rP are the corresponding wave lengths.
From εP = 10
19GeV , one obtains
ρ(τinf)/ρvac = (
Ec
εP
)
4
= (
Ec
1019GeV
)
4
∼ 10−16, Ec ∼ 1015GeV (22)
which is the temperature of the GUT at the time of phase transition and indicates that the
first step evolution from tP to τinf is reasonable and yields correct result.
(2) From [τinf , R(τinf), ρ(τinf)] to [tinf = 10
−34s, R(tinf), ρ(tinf) = ρ(τinf)]: the dark energy(
wmid = −1 ) controlling evolution leads to ρ(tinf) = ρ(τinf).
(3) From [tinf = 10
−34s, ρ(tinf)] to the present time T0 = 10
18s, the solution is
ρ(T0 − tinf) = ρ(tinf)/{1 + (3/2) 1
t¯inf
[(T0 − tinf) +
T0∫
tinf
w(τ)dτ ]}2 ≈ 4
9
ρinf
t¯2inf
[(T0 − tinf) +
T0∫
tinf
w(τ)dτ ]2
=
4
9
ρ(tinf)[
t¯inf
(T0 − tinf)(1 + wmid) ]
2
ρ(T0 − tinf)
ρ(tinf)
=
4
9
[
t¯inf
(T0 − tinf)(1 + wmid) ]
2 ≈ 10−106, t¯inf =
√
3c2
8piGρ(tinf)
≈ 10−35s (23)
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where wmid is the mid value of w(t) from tinf = 10
−34s to T0 = 10
18s. In the last subsection,
we will know that the evolution of R(t) requires that wmid = −1/3. From ρ(τinf) = ρ(tinf)
and ρ(τinf)/ρvac ∼ 10−16, one gets
ρ(T0 − tinf) = ρ(tinf)10−106 = ρvac ρ(tinf)
ρvac
10−106 = ρvac
ρ(τinf)
ρvac
10−106 = ρvac10
−122 (24)
and ρ(T0−tinf)
ρvac
≈ 10−122. As tinf = 10−33s, the result is the same since the value of tinf << T0
yields negligible effect in (T0 − tinf).
Now consider one step evolution from tP directly to T0 = 10
18s: the solution is
ρ(T0 − tP ) = ρvac/{1 + (3/2) 1
tP
[(T0 − tP ) +
T0∫
tP
w(τ)dτ ]}2
≈ 4
9
ρvac
tP
2
[(T0 − tP ) +
T0∫
tP
w(τ)dτ ]2
=
4
9
ρvac[
tP
(T0 − tP )(1 + wmid) ]
2 (25)
The ratio of the universe energy density to the vacuum energy density is
ρ(T0 − tP )
ρvac
=
4
9
[
tP
(T0 − tP )(1 + wmid) ]
2
≈ 10−122 (26)
where wmid is the mid value between tP and T0. Since one step evolution(tP → T0) and
three step evolution(tP → τinf → tinf → T0) yield the same result, the time duration of phase
transition thus has no effect on the energy density of the universe at the present time. It
should be pointed out the initial condition of the Planck era is a key point to obtain the
correct results, indicating that our universe was created and started at an explosion
of a Planckon in the Planckon piled vacuum, not from a geometric point.
Since at the present time T0, the dark energy density ρde is 73% of the universe total
energy density, so we have
ρ(T0) ≈ ρde(T0), ρde
ρvac
= 10−122 (27)
To study the consistence between ρ(t) and R(t) and other cosmic problems, we should
investigate the radial scale factor R(t) evolution.
B. Evolution of the universe radius R(t)
From the expansion equation, we have the equation for R(t):
dR
R
=
√
8piGρ(t)
3c2
dt = λ(t)dt,
√
8piGρ(t)
3c2
= λ(t) (28)
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The universe energy density ρ(t) has been obtained before as follows
ρ(t− t0) = ρ(t0)/{1 + (3/2)
√
8piGρ(t0)
3c2
[(t− t0) +
t∫
t0
ω(τ)dτ ]}2 (29)
The exact solution of R(t) is
R(t) = R(t0) exp[
t∫
t0
λ(τ)dτ ] (30)
The integration in the exponential can be calculated by substitution of ρ(t),
t∫
t0
λ(τ)dτ =
√
8piGρ(t0)
3c2
t∫
t0
dτ
1 + 3/2
√
8piGρ(t0)
3c2
[(τ − t0) +
τ∫
t0
w(τ ′)dτ ′]
(31)
For the dark energy dominant w(t) = −1, it follows
t∫
t0
λ(τ)dτ =
√
8piGρ(t0)
3c2
(t− t0) (32)
R(t) = R(t0) exp[
√
8piGρ(t0)
3c2
(t− t0)] (33)
which is of radial inflation.
With mid value theorem
t∫
t0
w(τ)dτ = wmid(t)(t− t0), one has
t∫
t0
λ(τ)dτ = ln {1 + 3(1 + wmid(t))
2
[α(t)− α(t0)]}
2
3(1+wmid(t))
, α(t) =
√
8piGρ(t0)
3c2
t (34)
The solution in terms of wmid(t) is
R(t) = R(t0)[1 +
1
2
3(1+wmid(t))
√
8piGρ(t0)
3c2
(t− t0)]
2
3(1+w
mid
(t))
(35)
which is very sensitive to wmid(t). As t is fixed at some value T , wmid(T ) becomes the mid
value wmid in the time interval [t0, T ] as discussed before.
1) As wmid → −1 (dark energy dominant) 23(1+wmid) →∞,
R(t) = R(t0)[1 +
1
2
3(1+wmid)
√
8piGρ(t0)
3c2
(t− t0)]
2
3(1+wmid)
→
10
R(t) = R(t0) exp[
√
8piGρ(t0)
3c2
(t− t0)] (36)
Eq.(36) is the same as that obtained before.
The velocity after inflation: from τinf =
√
3c2
8piGρ(τinf)
= 10−35s and tinf = 10
−33s, one gets
R˙ (tinf = 10
−33s) = (R(τinf = 10
−35s)/τinf)× e(tinf−τinf)/τinf = R(τinf = 10−35s)/τinf × 1043
= (10−29/10−35)1043cm/s ∼ 1049cm/s (e100 ≈ 1043), (37)
the effect of curvature k term approaches zero: ρ−ρc
ρc
= c
2k
H2R2
= c
2k
R˙2
∼ 10−78 ∼ 0, so after
inflation the space becomes flat. We will show later, before inflation, the effect of curvature
k term is very large and the space is not flat.
2) As wmid → 1/3 (radiation dominant)
R(t) = R(t0)[1 + 2
√
8piGρ(t0)
3c2
(t− t0)]1/2, (38)
The radial velocity at tP and τinf :
R˙(t) =
rP
tP
[1 + 2(t− tP )/tP ]−1/2 ≈ 1010 × [1 + 2(t− tP )/tP ]−1/2cm/s, (39)
The velocity at t ≈ tP : R˙(t ∼ tP ) ∼ 1010cm/s ∼ c,
The velocity before inflation at t = τinf = 10
−35s: R˙(τinf) ∼ 106cm/s.
The curvature effect before inflation is very lage: ρ−ρc
ρc
= c
2k
H2R2
= c
2k
R˙2
≈ 108 >> 1,
so the space is not flat.
3) As wmid → 0(cold matter dominant)
R(t) = R(t0)[1 +
3
2
√
8piGρ(t0)
3c2
(t− t0)] 23 (40)
4) The global average evolution from tP to T0: in the last subsection, we shall show that
Nature requires wmid = −13 and the global average evolution of R(t) is
R(t) = R(t0 = tP )[1 +
√
8piGρ(t0)
3c2
(t− t0)] = rP [1 + (t− tP )/tP ], (41)
the evolution is linear.
The radial scales of the universe at τinf = 10
−35s and tinf = 10
−33s:
(1) The radiation dominant(wmid = 1/3), from (tP , rP , ρvac) to (τinf = 10
−35s, R(τinf), ρ(τinf)):
R(τinf) = R(tP )[1 + 2
√
8piGρ(tP )
3c2
(t− tP )]
1/2
=
√
2rP (
τinf − tP
tP
)
1/2
≈ 10−29cm. (42)
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(2) Inflation(wmid = −1), from(τinf , R(τinf), ρ(τinf)) to (tinf = 10−33s, R(tinf), ρ(tinf)):
from t0 = τinf , t = tinf = 10
−33s, ρ(t0) = ρ(τinf),
√
8piρ(τinf)/3c2 = 1/τinf , τinf = 10
−35s, and
R(τinf) = 10
−29cm, one obtains
R(tinf) = R(τinf) exp[
√
8piGρ(τinf)
3c2
(tinf − τinf)] = 10−29 × e
tinf
τinf cm = 10−29 × 10lg e·100cm
= 10−29 × 1043cm = 1014cm
(if tinf = 10
−33.161s, τinf = 10
−35s, then R(tinf) = 10cm). (43)
C. The ρ(R)−R relation
The evolution equation for R(t) is related to energy conservation as follows :
d(ρR3)
dt
= −pd(R
3)
dt
. (44)
Physical implication of eq.(44): as p > 0 (radiation dominant), d(R
3)
dt
> 0, and d(ρR
3)
dt
< 0,
the expanding universe loses energy to vacuum; as p < 0 (dark energy dominant), d(R
3)
dt
> 0,
and d(ρR
3)
dt
> 0, the expanding universe acquires energy from vacuum. Furthermore, from the
above equations and discussions, one can find that as R approaches infinite, the solution of
the Einstein-Friedman equations is unstable with respect to the perturbation of decreasing
R and the universe will start to shrink inwards due to positive feedback effect. On the
other hand, for the initial state solution, namely the Planck era solution or the Planckon
solution, the compression of the Planckon will make its energy density and pressure larger
than those of its environment consisting of Planckons, a rebound will be resulted and the
afterwards expansion of the universe will start and be conducted by the Einstein-Friedman
equations. In other words, the initial state solution is also unstable and tends to expand.
Therefore, the Einstein-Friedman universe with the Planckon solution as its initial condition
in its expansion phase and as its smallest limit in its shrinking phase, will undergo a cyclic
evolution of successive expansion and shrinking.
The total energy E of the universe: From p = wρ, E = ρV , and V = 4pi
3
R3, one obtains
d ln[E] = −wd lnV (45)
If w assumes the constant mid value w = wmid = const, then
d ln[EV wmid ] = 0, E = C/V wmid (46)
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The total energy evolution with R are as follows:
Radiation dominant(wmid = 1/3):
Er = C/R (47)
Cold matter dominant(wmid = 0 ):
Em = C (48)
Dark energy dominant(wmid = −1):
Ede = CR
3 (49)
Global average evolution(wmid = −1/3):
E¯ = CR (50)
The above evolutions of energy density and total energy of the universe indicate that the
expanding universe with the Planckon piled vacuum as its environment is a non-equilibrium
open system constantly exchanging energy with the vacuum. The universe was born in
the Planckon piled vacuum at an explosion of a Planckon of the vacuum, the Planck era,
namely the radius, time, and energy density of the Planckon constitutes its initial condition.
During its expansion, more and more Planckons are involved in the universe evolution and
all the involved Planckons in the universe lose their quantum fluctuation energy and the lost
irregular quantum fluctuation energy of Planckons converts into cosmons and transforms into
different kinds of universe energy. The expanding universe acquires energy from vacuum in
the form of cosmons which are created and made of the lost quantum fluctuation energy
of Planckons. As shown later, the cosmons are the candidate of the dark energy quanta
with the nature of repulsive gravity force. The cold matter has no net energy exchange with
vacuum on average.
Combining the energy conservation equation and the radial evolution equation, one has
dρ
ρ3/2
= −
√
24piG
c2
[1 + w(t)]dt,
dR
R
=
√
8piGρ(t)
3c2
dt = λ(t)dt (51)
and
dR
R
= − dρ
3[1 + w(ρ)]ρ
, ln
R
rP
=
ρP∫
ρ
dρ
3[1 + w(ρ)]ρ
=
1
3[1 + w(ρmid)]
ln
ρP
ρ
(52)
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Their solutions yield the ρ = ρ(R)-R relation:
ρ(R) = ρvac(
rP
R
)
3(1+wmid)
(ρP = ρvac, wmid = w(ρmid)) (53)
Different wmid lead to different power laws:
Radiation dominant:
wmid = 1/3, ρ = ρvac(
rP
R
)
4
(54)
Matter dominant:
wmid = 0, ρ = ρvac(
rP
R
)
3
, (55)
Dark energy dominant:
wmid = −1, ρ = ρvac (56)
Global average evolution:
wmid = −1/3, ρ = ρvac(rP
R
)
2
(57)
Summary of the evolution phase transitions:
ρ(t)− t function: sensitive to w(t), transitions within power laws;
R(t)− t function : very sensitive to w(t), transitions between power laws and exponential;
ρ(R)− R function: sensitive to w(t), transitions within different power laws.
D. More information from ρ(t) and R(t)
From the evolution of ρ(t) and R(t), one can obtain more information. The value wmid >
−1 definitely leads to ρ(T0)
ρvac
∼ 10−122 (see eq. (25) and eq.(26)). From R(t − tP ) versus
(t− tP ) relation:
R(t) = R(tP )[1 +
1
2
3(1+wmid)
√
8piGρ(tP )
3c2
(t− tP )]
2
3(1+wmid)
(58)
R(tP ) = rP , ρ(tP ) = ρvac,
√
8piGρvac/3c2 = 1/tP (59)
one can derive that if R(T0) = 10
28cm and R¨ > 0 today, then there must be wmid ≈ −1/3
for the global average evolution, namely: R(T0) = 10
28cm → wmid ∼ −13 and R¨ > 0 →
wmid < −13 .
In fact, as wmid ≈ −1/3, 23(1+wmid) ≈ 1, R(T 0 − tP ) = rP [1 + (T0 − tP )/tP ] ≈ 10−33 ×
1061cm = 1028cm with rP = 10
−33cm, tP = 10
−43s, and T0 = 10
18s. As wmid ≈ −13
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and 2
3(1+wmid)
≈ 1, then R(T 0 − tP ) = rP [1 + (T0 − tP )/tP ] which yields: the acceleration
R¨(T0) ∼ 10−7cm/s2 and velocity R˙(T0) ∼ 1010cm/s ∼ c at the present time.
The following calculations of R(T0) indicate that any single component energy density
can not yield the observed value of R(T0):
Radiation dominant: wmid → 1/3, R(t) = R(t0)[1 + 2
√
8piGρ(t0)
3c2
(t − t0)]1/2, R(T0) ∼
10−3cm≪ 1028cm = R0, the value is too small;
Matter dominant: wmid → 0, R(t) = R(t0)[1 + 32
√
8piGρ(t0)
3c2
(t− t0)]
2/3
, R(T0) ∼ 107cm ≪
1028cm = R0, the value is also too small;
Dark energy dominant: wmid → −1,
R(t) = R(t0)[1 +
1
2
3(1+wmid)
√
8piGρ(t0)
3c2
(t− t0)]
2
3(1+w
mid
)
→
R(t) = R(t0) exp[
√
8piGρ(t0)
3c2
(t− t0)]
R(T0) = rPe
T0/tP ≈ 10−33+0.43×1061cm≫ 1028cm = R0,
the value is too large.
IV. MASS OF THE UNIVERSE AND BACKGROUND MICROWAVE TEMPER-
ATURE
A. Cosmic expansion quantum-cosmon and universe mass
Now let us calculate the total energy and the total mass of the universe from the cosmic
expansion quanta-cosmons, which are excitations of the Planckon piled vacuum and their
energies come from the lost energies of Planckons during the expansion of the universe. Since
the energy ecosmos of cosmon (cosmic expanson quantum) is the lost energy of Planckon and
it contributes to the universe energy, the lost energy density of Planckon ∆ρP at present
time is just the universe energy density ρ(T0) = ∆ρP according to energy conservation.
Yet since all Planckons in the vacuum of the expanding universe lose quantum fluctuation
energy resulting in negative gravity energy of the vacuum within the universe and the lost
energy of Planckons is used to create cosmons which in turn convert into different kinds of
universe energy, the total energy of the universe, as the gravity energy is included, namely
the negative gravity energy plus the positive different kinds of universe energy is zero. From
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the Planckon volume vP and its lost energy density ∆ρP = ∆ρvac = ρ(T0), one obtains the
cosmon energy ecosmos as follows: ecosmos = ρ(T0) × vP . From ρ(T0) = ρvac( tPT0 )
2
, ρvac = ρP
, and εP = ρvac × vP , one obtains ecosmos = εP ( tPT 0 )
2 ≈ εP ( rPR0 )
2 ∼ 10−122εP ∼ 10−94eV ,
which is extremely small. Since during the expansion of the universe, each Planckon loses
its energy and creates a cosmon, the number Ncosmon of the cosmons in the universe is just
the number NP lanckon of the Planckons in the universe. According to the Planckon densely
piled vacuum model [10],
Ncosmon = Nplanckon =
4pi
3
R30
4pi
3
r3P
= (
R0
rP
)
3
≈ 10183, (R0
rP
=
1028cm
10−33cm
= 1061) (60)
The universe total energy and mass are
Ecosmos = ecosmonNcosmon = εP (
R0
rP
) = 1080GeV, (mP = 10
−5g, εP = 10
19GeV ) (61)
Mcosmos = mP (
R0
rP
) = 10−5× 1061g = 1056g = 5× 1022M⊕, (solar mass M⊕ = 2× 1033g)
(62)
which agrees very well with the observed value of the universe mass. Thus the universe
acquires energy and mass from the Planckon piled vacuum in the form of cosmons which are
created simultaneously with the energy loss of Planckons (namely the decrease of vacuum
quantum fluctuation energy ) during the expansion of the universe. At a word, the lost
part of the vacuum quantum fluctuation energy (the negative hole excitation energy of
the Plankon piled vacuum ) manifests itself as the negative gravity potential energy of the
vacuum in the universe, while the positive energy of the created cosmons manifests itself as
different components of the universe energy.
B. Temperature of background microwave radiation
At the decouple time tdecouple = 10
11s, the photon energy can be calculated as follows:
ρ(tdecouple = 10
11s)/ρvac = (
tP
tdecouple
)2 = (
10−43
1011
)2 = 10−108 = (
Edecouple
εP
)4 (63)
Edecouple = 10
−8GeV = 10eV ∼ 105K0. (64)
The radius of the universe at tdecouple = 10
11s is
R(tdecouple) = rP (
tdecouple
tP
) = ctdecouple ∼ 1022cm = R010−6 (65)
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Due to the expansion stretching of the wave length of the photon, the photon energy today
is,
E0 =
R(tdecouple)
R0
E(tdecouple) ∼ 10−1K0 (66)
which is near the observed astronomic value 2.7K0 (the error maybe due to the uncertainty
of the decouple time or the expansion power laws for ρ(t) and R(t)).
V. DIFFERENT EFFECTS OF TWO KINDS OF VACUUM EXCITAIONS
BASED ON PLANCKON DENSELY PILED VACUUM MODEL
Now we discuss two different kinds of energy losses of Planckons and their different
gravity effects. According to the Planckon densely piled vacuum model [10], the black
hole gravity is generated by the Casimir effect due to the cutoff of the black hole horizon
surface. Suppose the universe, like a black hole, had a R0-spherical horizon surface which
provides a cutoff for radial wave modes in the Planckon piled vacuum of the universe.
Inside the universe, every Planckon will lose energy from radial modes and the vacuum has
less quantum fluctuation energy density than that in flat vacuum. Within the universe,
the effective quantum fluctuation temperature of the vacuum will decrease, which is the
microscopic origin of gravity( this is called equilibrium space Casimir effect ). According to
[10], the Planckon inside the universe has the energy loss from εP ,
∆εP = eH = εP (
rP
R0
) =
~c
2R0
(67)
Just like the Schwarzschild black hole case[10], the energy loss ∆εP of the Planckon will
decrease vacuum quantum fluctuation energy, lead to hole excitations of the Planckon piled
vacuum, manifesting as negative gravity potential which will drive particles to the horizon.
Like the Schwarzschild black hole, the corresponding excitation quanta of the universe vac-
uum will be accumulated in horizon in the form of radiation quantum with the energy eH
and the number of the radiation quanta in horizon is just the number NH = 4(R0/rP )
2 of the
Planckons in the R0-spherical horizon Planckon layer. The total mass Mm is the excitation
quantum mass eH/c
2 times the number NH = 4(R0/rP )
2,
Mm = 4(eH/c
2)(
R0
rP
)
2
= 4mP (
R0
rP
) ∼ Mcosmos (68)
which is in the same order of magnitude as the universe mass Mcosmos .
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On the other hand, the expansion of the universe to the radius R0 leads to the quantum
fluctuation energy loss of the Planckons in the universe in quite a different way which can
be called as ”non-equilibrium time Casimir effect”. Since in the expanding universe, the lost
energy of each Planckon with volume vP is used to create a cosmon which contributes to
the universe with the energy density ρ(T0), the cosmon energy should be
ecosmon = ρ(T0)vP = εP (
rP
R0
)
2
=
~c
2rP
(
rP
R0
)
2
=
~c
2R0
(
rP
R0
) =
~c
2Rκ
, Rκ = R0(
R0
rP
) (69)
They contribute the universe a total mass Mcosmos as calculated before Mcosmos ∼ 1022M⊕.
Now let us investigate the gravity effect due to the creation of cosmons with mean energy
ecosmon =
~c
2Rκ
= ~κ
2c
and κ = c
2
Rκ
. The cosmon is a standing quantum radiation wave
with the wave length λcosmon = 4piRκ and spin 1/2 [10]. From the period condition of
temperature Green’s function for fermion, we have ecosmos/kBTcosmos = pi, and the Hawking-
Unruh formulae naturally follows pikBTcosmos = ecosmon =
~κ
2c
= ~c
2Rk
[10]. Since the cosmon
excitations in the vacuum with positive energy leave holes with negative energy in the
Planckon piled vacuum, the gravity acceleration κ and the negative gravity potential φ(R)
resulted from the holes of the vacuum of the universe due to the quantum fluctuation energy
loss and the creation of the cosmon, are related as follows: κ = −dϕ(R)
dR
= c
2
Rκ
, which leads to
the negative Einstein gravity potential ϕ(R) = − c2
Rκ
R. Since the above gravity acceleration
κ is in the radial direction and outwards, the gravity effect induced by the cosmons has
the nature of repulsive force. Thus the cosmon as a radiation quantum of fermion-type,
maybe a candidate of the dark energy quantum. It is dual to the radiation quantum for the
Schwarzschild black hole [10] as follows:
Cosmon of expanding universe:
ecosmon =
~c
2Rκ
, (Rκ = R0(R0/rP ) (70)
Radiation quantum of black hole:
eH =
~c
2rH
, (rH − black hole radius) (71)
It should be noted that both the universe surface cutoff and the universe expansion lead
to quantum fluctuation energy loss of all the planckons in the Planckon piled vacuum of
the universe, but the mechanism is quite different. The universe surface cutoff leads to the
quantum fluctuation energy loss of every Planckon with the energy decrease of ∆εP (space) =
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eH = εP (
rP
R0
), which is a violin cord effect ( equilibrium space Casimir effect ); while the
universe expansion leads to the quantum fluctuation energy loss of every Planckon with
the energy decrease of ∆εP (time) = ecosmon = εP (
rP
R0
)2 = eH(
rP
R0
), which is rP/R0 time
smaller than ∆εP (space) = eH and shows the effect of outward radiation with holographic
nature (non-equilibrium time Casimir effect). It can be calculated that as standing quantum
waves of the cosmons in the universe, their velocity vcosmon ∼ κ × T0 ∼ 10−51cm/s and
their acceleration acosmon = κ =
c2rP
R20
∼ 10−69cm/s2 are extremely small and negligible, so
that the cosmons distribute their quantum energy ecosmon in the universe uniformly and
statically. Instead, for the radiation excitations of the universe black hole, their velocity
vH ∼ κH × T0 ∼ 1010cm/s and their acceleration aH = κH = c2R0 ∼ 10−8cm/s2 are sizable
and not negligible, so that the radiation quantum moves their energy eH to the universe
surface. Both the expansion cosmons and the radiation quanta are excitations of the vacuum
which is densely piled by Planckons.
From the above results and discussions, we come to the very important conclusion that
within a spherical region, vacuum quantum fluctuation energy loss necessarily leads to the
negative gravity potential and its acceleration is of the nature of a radially outward force:
inside the supposed Universe Black Hole, vacuum quantum fluctuation energy loss due to
the Casimir effect leads the gravity potential φ(R) = −κHR and the gravity acceleration
κH =
c2
R0
is radially outward to the universe horizon, every particle will feel a repulsive force
outwards radially; while inside the expanding universe, the vacuum quantum fluctuation
energy loss due to the expansion of the universe will definitely induce the gravity potential
φ(R) = −κR and the gravity acceleration κ = c2
Rκ
= rP c
2
R20
is also radially outward, every
particle will be pushed radially outwards to the expanding universe horizon. In the two
cases. the gravity induced by the vacuum quantum fluctuation energy loss plays a similar
role of repulse forces due to the radially outward gravity acceleration.
VI. PHYSICAL EXPLANATION OF THE RESULTS
The present study tells us that our universe was born from an explosion of a Planckon
in the Planckon densely piled vacuum. The initial condition is thus the Planck era, namely
the Planckon space-time scales(rP , tP ) and its energy density ρP = ρvac are the initial con-
ditions of the Einstein-Friedmann equations. The evolution of the universe is controlled
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by the Einstein-Fridmann equations with different energy density components. During the
evolution, more and more Planckons are involved, lose their quantum fluctuation energy,
and create cosmons which change the lost irregular Planckon energies into their regular en-
ergies. The gravity effect due to the creation of cosmon quanta is to produce a repulsive
force outward in radial direction, and the cosmon may thus be the candidate of the dark
energy quantum.
The evolution took three steps: (1) from the Planck era to the inflation starting moment,
(2) underwent an inflation with a very short period, (3) from the end of inflation to the
present time. Evidently, the evolution of our universe is controlled by the basic principles
of general relativity, cosmology, and quantum theory. Of course, the information of particle
physics is needed to achieve a complete and detailed description. From our model , the
energy density of the dark energy, the inflation phase transition temperature, the background
microwave temperature, and the universe total mass can be calculated in agreement with
the observational data.
An intuitively physical picture can be presented for the time evolution of the universe
energy density and the creation of cosmons as follows. In the Planckon densely piled
vacuum[10], both the universe and the vacuum constitute a compound system, each of
them are open subsystems. Planckons in the vacuum as radiation sources can radiate and
absorb radiation quantum energy. In the stationary universe, the radiation and absorp-
tion processes are in equilibrium, there is no net effect can be observed physically in the
universe subsystem. As the universe subsystem undergoes expansion, the stationary equi-
librium of the two subsystems is broken, every Planckon in the expanding universe is now
in non-equilibrium and radiates energy quantum as a cosmon. Therefore a net effect of cos-
mons in the universe subsystem can be observed physically as outwards radial radiation and
the Planckon piled vacuum with less radial quantum fluctuation energy induces a negative
gravity potential with the outward strength like a repulsive force.
Let the pressure of the Planckon at its rP -spherical surface be p(rP ). As the universe has
expanded to R0-sphere, the radiation pressure of the Planckons at R0 sphere is p(R0). Since
the pressure on a spherical surface is proportional to the energy quanta number per unit
area and per unit time -the radiation energy flux, according to energy conservation, p(R0)
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is inversely proportional to the spherical surface area (4piR20). Hence
p(R0)
p(rP )
∼ ( rP
R0
)
2
, p(R0) ∼ ( rP
R0
)
2
p(rP ), (72)
Using the the energy density and pressure relation p(rP ) ∼ ρvac(rP ) and p(R0) ∼ ρ(R0),
finally we have
ρ(R0) ∼ ρvac( rP
R0
)
2 ∼ ρvac( tP
T0
)
2
(73)
This is exactly the results obtained by directly solving the Einstein-Friedmann equations.
The above picture implies that: the evolution of the universe energy density, the creation
of cosmons and dark energy, are the problems of a non-equilibrium and open system, and
the non-equilibrium process is more important and essential. Only in its non-equilibrium
expansion, the universe can exchange energy with vacuum, the Planckons in the universe
can lose energy and change its lost quantum fluctuation energy into cosmon’s regular energy,
finally the dark energy quanta-cosmons are created. Therefore, the dark energy is not the
vacuum quantum fluctuation energy itself, it is the lost energy of Planckons (namely the
lost part of vacuum quantum fluctuation energy) under the condition of the universe non-
equilibrium expansion. The cosmon is made of the lost energy of Planckons and acts as dark
energy quantum with the repulsive nature of its gravity effect.
VII. SUMMARY OF THE RESULTS AND DISCUSSIONS
The results of this paper are summarized as as follows.
1) Based on the Planckon densely piled model, vacuum quantum fluctuation energy density
is that of Planckon ρvac = ρP .
2) By solving the Einstein-Friedmann equations with the Planck era as the initial con-
ditions, in both three steps and one step respectlively, we have obtained ρ(T0)/ρ(tP ) ∼
( tP
T0
)
2 ∼ 10−122. Since the dark energy is 73% of the present universe energy density , so
ρde(T0) ∼ ρ(T0) ∼ ρvac10−122.
3) The relation between dark energy and vacuum quantum fluctuation energy loss is ex-
plored and the cosmon with energy ecosmos = εP (
rP
R0
)2 = 10−122εP is introduced and proved
to be the candidate of the dark energy quantum.
4) The calculated inflation phase transition temperature is Ec ∼ 1015GeV consistent with
the GUT theory.
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5) The universe mass calculated is Mcosmos ≈ 1022M⊗ and the calculated background mi-
crowave temperature is T ∼ 0.1K0 consistent with the observational data.
6) Two different kinds of excitation quanta of the Planckon piled vacuum-the radiation
quantum eH ∼ εP ( rPR0 ) due to the universe space cutoff Casimir effect and the cosmon
ecosmos ∼ εP ( rPR0 )
2 due to the universe expansion radiation effect are compared and discussed
with two different gravity effects.
7) The gravity potential and the gravity acceleration induced from the creation of cosmons
are derived and its repulsive force nature has been unveiled.
8) It is shown that our model has two salient features: (i) as the gravity energy is included,
the total energy of the unverse, i.e., the negative gravity energy plus the positive universe
energy is zero, (ii) the Einstein-Friedmann universe with the Planckon state as its initial
condition in its expansion phase and as its smallest limit in its shrinking phase will undergo
a cyclic evolution of successive expansion and shrinking.
9) The scaling law of the universe energy density evolution is explored and the radiation
holographic nature of the solution is explained as follows:
ρ(t− tP ) = ρvac/{1 + (3/2) 1
tP
[(t− tP ) +
t∫
tP
w(τ)dτ ]}2 (74)
Evolution period: Planck period tP inflation period tinf present time T0
Energy density : ρvac ∼ ρvac
(tP/tP )
2 ρ ∼
ρvac
[(tinf − tP )/tP ]2
ρ ∼ ρvac
(cT0/tP )
2
Time scaling : tP → stP , tinf → stinf , T0 → sT0
Energy density scaling : ρvac → ρvac/s2, ρ(tinf)→ ρ(tinf)/s2, ρ(T0)→ ρ(T0)/s2
The above scaling law is invalid for the evolution of the dark energy density since ρ(t) =
ρde = const.
VIII. RELATIONS WITH OTHER THEORIES AND MODELS
A. Solutions to three puzzles of the Big Bang model
Solutions to three puzzles of the Big Bang model[7, 8] are as follows:
(1) The initial singular problem is avoided by the initial conditions of the Planck era.
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(2) The problem of flatness of the universe space is solved by following calculations:
before inflation, R˙ = 106cm/s, |ρ−ρc
ρ
| ≈
c
2|k|
R2
H2
= c
2|k|
R˙2
∼ 108 >> 1, the curvature k term is
very large and the space is not flat; after inflation, R˙ = 1049cm/s, |ρ−ρc
ρ
| ≈
c
2|k|
R2
H2
= c
2|k|
R˙2
∼
10−78 ∼ 0, the curvature k term is negligible and the space becomes flat.
(3) The horizon problem is solved by the following calculated results: before inflation the
expansion velocity R˙(τinf) ∼ 106cm/s << c, the causal connection of the whole universe can
be established; after inflation the average radial velocity ¯˙R ≈ c, the average horizon distance
D is approximately equal to the average expansion distance R so that D
R
≈ 1.
B. Comparing with Guth theory
To solve the above difficulties of the Big Bang model, instead of using thermodynamic
formulas for energy density, entropy, and temperature within the radiation gas model by
Guth[7, 8], our model is based on the Einstein-Friedmann dynamics with following ingredi-
ents: (1) Einstein-Friedmann equations, (2) the initial conditions (tP , rP , ρP = ρvac) of the
Planck era, (3) the equation of state with w(ρ) = w[ρ(t)], and (4) including a short period
of inflation.
C. Comparing with holographic models
As discussed in sections IV and V, the dark energy and its gravity effect are related to
cosmons which are created from the lost quantum fluctuation energies of Planckons during
the expansion of the universe. The dark energy density has the relation ρ(R) = ρvac(
rP
R
)2,
just like photons radiated from the source, propagated outwards and left their information
at different spherical surfaces. Thus the dark energy with the above property possesses the
nature of holography of radiation, consistent with the holographic models of dark energy[11,
12].
D. Different Casimir effects
In section IV, we have pointed out that the gravity and temperature of black holes are
stemmed from the equilibrium and stationary space Casimir effect [10] and the dark energy
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is from the non-equilibrium and time-dependent casimir effect. The Radiation quantum eH
and cosmon ecosmon are two kinds of basic excitations of the vacuum which is consisted of
densely piled Planckons. Both eH and ecosmon are closely related to the quantum fluctuation
energy loss of Planckons in vacuum under different conditions: the space boundary cutoff of
the supposed universe black hole causes the space Casimir effect and induces the radiation
quantum eH , while the expansion of the universe causes the time Casimir effect and induces
the cosmon ecosmon. Since these two kinds of basic effects are related to fundamental and
important physics, the issue of different Casimir effects deserves further study.
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